SUMMARY-Primary
SPONTANEOUS, MALIGNANT transformation in vitro occurs with various types of mammalian cells derived from laboratory animals. It was first shown that fibroblast cells from rats (1) or mice cultivated in vitro for prolonged periods produced progressively growing tumors when implanted into isologous animals. This phenomenon appeared to be the rule in established lines derived from mouse-embryo cells (2) (3) (4) (5) (6) (7) . The signficance of the appearance of spontaneously transformed, malignant cells in tissue culture in relation to experimental transformation in vitro and to the malignant processes in vivo was critically reviewed by Sanford (8) .
Since normal hamster-embryo cells are easily transformed in vitro by viruses or carcinogens (9) (10) (11) (12) (13) , it was of interest to investigate the possible appearance of spontaneous, malignant transformations in that system. Evidence for transformation in 795-907--66---- 18 vitro was based on changes in morphological and physiological properties of the cells and on the ability of the transformed cells to produce tumors when inoculated into animals, immediately or after passage in vitro. In most of these studies primary hamster-embryo cells were used, whereas Macpherson and Stoker (14) used a stable cell line derived from newborn hamster-kidney cells. We found that derivatives of that cell line, although not exposed to virus, yielded tumors in hamsters when as few as 1 to 10 cells were inoculated. The cells retained their oriented arrangement in culture. We isolated a similar cell line from primary ham- ster-kidney cells (15) (16) (17) and later found that the arrangement of cells with respect to each other in such un infected cultures could be changed by altering the pH of the medium or the growth conditions (18) .
In the following report we provide evidence for the isolation of uninfected cell colonies from primary hamster-embryo cell cultures which, after a limited number of passages in vitro, induce tumors in hamsters.
MATERIALS AND METHODS
Hamster embryos from a pregnant mother on the 10th to 12th day of gestation were used. The embryos were taken out, decapitated, minced, and washed in warm phosphate-buffered saline (PBS) (19) . The hamster-embryo cell cultures were preprepared in one of the following ways: (a) The minced embryos were pressed through both a coarse and a fine stainless-steel mesh inserted in a 50 ml syringe and washed again, and the cells counted or (b) the minced embryos were treated repeatedly in warm trypsin, 0.125 percent in citrate solution (20) , and the cells were collected, centrifuged, washed, and counted.
The suspensions containing 2 X 10 6 cells per ml were prepared by one of the above methods, and a specific number of cells was seeded in 8-ounce rubber-stoppered Blake culture bottles containing 20 ml medium or in 60 mm pyrex glass plates containing 5 ml medium. The plates were incubated in a humidified atmosphere containing 5 percent CO 2 at 37 0 C. Eagle'S medium containing a twofold concentration of amino acids and vitamins, 10 percent tryptose, and 10 percent calf serum was used (21) . There was no feeder layer used. Several days after seeding, the bottles or plates were examined microscopically to ascertain whether confluent sheets or distinct colonies were formed. On the 14th day, colonies were counted and their appearance was recorded. Colonies from each type were randomly picked off the glass by curved, fine dissecting forceps and transferred to Leighton tubes. There, 10 percent of fetal bovine serum (Micro-· biological Associates, Bethesda, Md.) replacing the serum was added to 1.5 ml of the standard medium. In those cases in which progressive growth of cells took place, dispersion of the colony was carried out by the addition of 0.1 ml Tristrypsin (17) after removal of the medium. After the cells were dispersed, fresh medium was added and the cells were allowed to settle and multiply. When most of the space in the Leighton tube was covered with cells, the cells were further transferred into T bottles of 15 cm 2 containing 2 ml medium. The pH was maintained at 7.2 to 7.4 by gassing with 5 percent CO 2 in air mixture. In this way progressive transfer of cells from smaller to larger tissue culture bottles was carried out.
From several primary culture bottles, where a confluent sheet developed, serial passages of the growing cells were made by trypsinization of the cell sheet and seeding the cells into a fresh bottle. Attempts were made to carry as many passages as possible from such uncloned primary cultures. Whenever a sufficient number of cells was obtained, they were passaged in vitro and also injected subcutaneously either into the hind leg of adult hamsters 1 to 2 months old or into the back of 3-day-old baby hamsters. The animals were observed for tumor development for at least 6 months. Whenever a tumor developed, it was removed for histological examination and also for preparation of a tumor cell culture that was then reinjected into animals. In addition, hemagglutination-inhibition (HI) and neutralization tests (NT) to detect polyoma virus antibodies were carried out according to methods already described (17) .
RESULTS
Tissue culture bottles or plates were seeded with various amounts of cells. The cells were obtained by one of the two methods described and, according to the method of preparation, exhibited a different type of growth. Formation of a confluent layer of cells and the appearance of distinct colonies on top of the confluent cell sheet or on the bare glass depended on the method of obtaining the cells and the number of cells seeded. When 10 to 20 X 10 6 of the trypsin-dispersed cells were seeded, a confluent layer of parallel fibroblast-type cells was formed within a few days. When the number of cells seeded was reduced to 6 X 10 6 or below, no confluent sheet was formed and few distinct colonies appeared in the bottles or plates. When 10 to 20 X 10 6 of the mechanically dispersed cells were seeded, a confluent sheet appeared and on top of the sheet distinct colonies were formed. When the number of cells was reduced to 6 X 10 6 or below, no confluent sheet was formed and cell colonies appeared on the bare glass. The number of single colonies obtained from trypsinized cells was very low, while, when mechanically dispersed cells were seeded, more colonies were obtained and the amount was related to the number of cells seeded (table 1) .
After 2 weeks of incubation, when the colonies were large enough to be picked, we classified them according to their microscopic appearance and transferred them to Leighton tubes. The main morphological types of colonies were divided into 3 groups: 1) long, parallel, fibroblast-type cells; 2) short, randomly arranged, spindle-type cells; and 3) epithelium-type cells. Other colonies were of transitional types or could not be classified. A total of 65 colonies were selected and transferred. Fifty-six were derived from the mechanically dispersed cells and 9 from the trypsinized cells. Cells multiplied as outgrowths from the colony. For further transfer, the cells were dispersed by Tris-trypsin and, if growth took place, they were later transferred into a larger tissue culture bottle to obtain larger cell populations. At the same time, cells from confluent layers of primary cultures were also being passaged without cloning and inoculated into hamsters. Table 2 shows the results of inoculation of hamsters with cells derived from the 4 colonies selected from the primary cultures. These cells multiplied upon passage. Tumors were obtained from 3 of the 4 inoculated cell lines passaged 8 to 9 times in vitro within a period of 3 months. The 6HEF (C1 4 cells were lost on the ninth passage. The tumors were obtained shortly after injection, and they reached a large size at the site of inoculation. The 9HEF (PI cell line was derived from a colony that grew in a plate. In its eighth passage, the cell line was injected subcutaneously onto the back of baby hamsters and produced a group of several distinct tumors. These cells were of the spindle type, and 10 4 cells produced tumors within 3 to 5 weeks after injection. The other two colony isolates of the fibroblastic type produced tumors with 10 5 to lOG cells 8 to 11 weeks after injection. In striking contrast to these results, no tumors developed when as many as 10 6 cells were injected subcutaneously from early or late uncloned, confluent cell passages. At the end of table 2 are given accumulated data on injections of large amounts of hamster-embryo cells and cells derived from baby hamster kidneys, passaged up to 10 times in tissue culture. It took 3 to 4 months to obtain up to 10 passages of such cells, the maximum possible. The tumors were examined histologically and were also further passaged. They were differentiated fibrosarcomas with mitoses and focal necrosis.
The animals developing tumors were bled and their sera tested for polyoma antibodies. No HI or NT antibodies against polyoma virus were found either in the animals developing tumors or in the pregnant hamsters used for preparation of hamster-embryo cells. Transplantation rejection tests, carried out recently in our laboratory according to the method used by Habel (22) , showed that polyoma-immunized hamsters did not reject these cells.
Preparations of tumor cell lines were made and the cells were reinjected into adult hamsters. Ten cells or more produced tumors (table 3) within 4 to 6 weeks after injection at the site of inoculation.
DISCUSSION
It is possible to obtain cell cultures from single colonies, derived from dispersed primary hamsterembryo cells, which will induce progressively growing tumors when injected into adult or baby hamsters. This property appears in the cells after a limited number of passages in vitro. We also know that highly tumorigenic clones can be selected from the BHK21 cell line or from primary, baby hamster-kidney cells (17) .
In the present experiments, tumorigenic cell cultures were obtained from colonies appearing at limiting dilution without the use of feeder layers, while no tumors were obtained when we inoculated passaged, primary, undispersed cells.
The process of selection was encumbered by the very low efficiency of colony formation of trypsinized hamster-embryo cells. However, when mechanically dispersed cells were plated, a larger number of colonies was obtained. The higher efficiency of plating of mechanically dispersed cells was probably due to the presence of cell aggregates in the suspension.
Stoker ( Stoker also suggested (24) "that several passages in vitro are required to reach a critical clone size or physiologically suitable condition to produce tumors when injected into the animal; the difficulties arising in obtaining a higher rate of such cell lines may be overcome by infection with polyoma virus which might add a selective advantage to these cells enabling them to survive critical stages and grow into tumors."
However, Todaro and Green (5) tive overgrowth of cell types existing in the beginning of the culture, but the result of changes during culture involving new properties which may be correlated with neoplastic transformation. The efficiency of colony formation in our experiments was low. The number of malignant, transformed colonies obtained, calculated as the percentage of the number of colonies growing, is about 1.7 percent with the mechanically dispersed cells, while with the initially trypsinized cells it reaches 20 percent. This difference might be of interest in the light of work presented and discussed by Barski and Cassingena (4) on the effect of trypsin on tissue cultures. On the other hand, normal cells present in the aggregates formed in the mechanically dispersed cells may partially inhibit the growth of the transformed cells.
One of our cell lines, derived from an epitheliumtype colony, changed its morphology to the fibroblastic type, probably as a result of overgrowth of fibroblast-type cells from a mixed colony that had not been cloned.
No evidence of contamination with polyoma virus was found in the tumors or animals used in these series of experiments by the HI, NT, or by transplantation rejection tests. This suggests that polyoma virus is not a factor in the phenomenon described in this work.
It is also unlikely that viral contamination or contamination from BHK21 variants occurred in all 3 passaged colony isolates with the same regularity. Tumors appeared always at the eighth or ninth passage, and no tumors were obtained from undispersed, passaged cultures.
We have already discussed the possible role of CO 2 in selection of tumorigenic clones (17) , and further work in this direction is in progress.
I t is not clear yet how the selection of spontaneously transformed, malignant cells from hamster cell cultures is related to the transformations of these cells by viruses or other carcinogenic agents in vivo and in vitro.
